Sixteen patients who underwent a revision operation for nonunion of fractures of the distal humerus following previous internal fixation were reviewed at a mean follow-up of 39 months (8 to 69).
Sixteen patients who underwent a revision operation for nonunion of fractures of the distal humerus following previous internal fixation were reviewed at a mean follow-up of 39 months (8 to 69).
The Mayo elbow performance score was excellent in 11, good in two, fair in two and poor in one. In 15 patients union was achieved and in one with an infected nonunion a subsequent bone graft was necessary in order to obtain union.
Age, gender, a history of smoking, mechanism of the injury and the AO classification of the initial fracture did not correlate with the development of nonunion. In 12 patients (75%), the initial fixation was assessed as being suboptimal. The primary surgery was regarded as adequate in only three patients. Our findings suggest that the most important determinant of nonunion of a distal humeral fracture after surgery is the adequacy of fixation.
Fractures of the distal humerus are rare injuries accounting for approximately 2% of all fractures in adults. 1 Management is determined by their pattern and the degree of comminution and can be complex and time-consuming. The incidence of nonunion is reported to be between 2% and 10% [1] [2] [3] [4] with affected patients often having a painful, unstable elbow with restricted movement and poor function. The further management of these already complex fractures is difficult and compounded by poor bone quality and the condition of the soft tissues.
We describe the outcome of revision by open reduction and internal fixation of nonunion of fractures of the distal humerus and evaluate factors which may predispose to the development of nonunion.
Patients and Methods
Between 1993 and 2003, 24 patients with nonunion of a fracture of the distal humerus had revision surgery. In six their age, the nature of the nonunion and the quality of the bone necessitated a total elbow arthroplasty and were not included in the study. The remaining 18 underwent further reduction and internal fixation. Two were subsequently lost to followup. The study group therefore consisted of 16 patients, details of whom are given in Table I . There were ten men and six women with a mean age of 47 years (19 to 82). The dominant elbow was affected in 11 and the non-dominant in five. All the fractures were caused by trauma. Eight patients fell while walking, four were involved in a road-traffic accident and four had a high-energy impact following a fall from a height or during ski-ing. The mean time between the initial injury and revision was nine months (1 to 18).
All the patients were independently reviewed (AA, HD) at a mean follow-up of 39 months (8 to 69). Clinical assessment was by the Mayo Elbow Performance score. 5 Anteroposterior and lateral radiographs were reviewed for evidence of union or failure of fixation.
Operative technique and post-operative management. All patients undergoing revision internal fixation were treated similarly and all the operations were carried out by the senior author (DS).
A high-arm tourniquet was used in all cases. A posterior approach was utilised even if different to that used at the initial fixation. The ulnar nerve was identified and decompressed superficially. The deep surgical approach to the nonunion involved a chevron osteotomy of the olecranon in six patients with a significant articular component otherwise the triceps was split and reflected as described by Shahane and Stanley. 6 Debridement of the site of the nonunion was undertaken with excision of any fibrous tissue preventing anatomical reduction of the fragments of the fracture. Care was taken to avoid excessive release of the soft tissues attached to the bone fragments in order to preserve their blood supply. At this stage the tourniquet was deflated and haemostasis achieved. The tourniquet was then re-inflated to allow the reconstruction to be carried out in a bloodless field. Rigid internal fixation was obtained by using one decompression plate and one reconstruction plate. In patients who had an olecranon osteotomy reconstruction was performed using a tension-band-wiring technique. In those in whom the Shahane and Stanley approach was used triceps was reattached to the olecranon by non-absorbable sutures. The wound was closed over two suction drains. Post-operatively, the arm was immobilised in a plaster back-slab with the elbow at 90˚ for two weeks. Physiotherapy was then begun and involved active-assisted exercises until a functional range of movement was gained.
One man with an infected nonunion required initial debridement and external fixation before definitive surgery for the nonunion (case 16, Table I ).
Results
In 15 patients union was obtained after a mean interval of five months (2 to 11). In the patient whose fracture failed to unite after revision surgery a second operation was required with bone grafting before union was achieved. This patient, who had been originally referred with an infected nonunion, had the worst outcome with the lowest Mayo score.
In 11 (68.7%) of the 16 patients, the Mayo score at follow-up was excellent (90 to 100); in two (12.5%) it was good (75 to 89); in two (12.5%) fair (61 to 74) and in one (6.3%) poor. The mean Mayo score was 88 (50 to 100). The arc of movement, as part of the Mayo score, was more than 100˚ in ten patients (62.5%), 50˚ to 100˚ in four (25%) and less than 50˚ in two (12.5%). The mean arc of movement was 96˚ (45˚ to 130˚).
Thirteen patients reported no pain, one had mild pain and two moderate pain. No patient complained of severe pain. The mean score for function was 22 (10 to 25). Factors associated with nonunion. Nonunion developed in all decades from the second to the ninth. The fifth decade had most cases with five of the 16 patients being aged between 41 and 50 years (31%).
Seven patients (43%) were smokers, three (19%) had previously smoked but had not smoked in the five years before their fracture and six (38%) had never smoked.
Using the AO classification 7 of fractures of the distal humerus, three patients were classified as group A, five as group B and eight as group C. The AO subgroupings are shown in Table II . The anteroposterior and lateral radiographs taken after the initial management of the fracture were assessed in regard to the adequacy of the primary treatment. Twelve patients (75%) were considered to have had unsatisfactory initial management. In three the fracture had been treated by Kirschner(K-) wires (Fig. 1) , in four by fixation with screws ( Fig. 2) and in four by an inadequate plating technique (Fig. 3) . One patient with a low supracondylar fracture had undergone fixation after an initial period of conservative treatment. One patient developed infection after the primary treatment.
In three patients the fixation appeared to be satisfactory and no cause could be identified for the development of the nonunion. In particular, this group had no common features such as the AO classification, history of smoking or mechanism of injury to suggest a reason for the development of nonunion.
Discussion
In our study 81.2% of patients obtained an excellent or good Mayo elbow score after the revision operation which is comparable to the findings in other series. 8, 9 In contrast to other studies we looked specifically at factors which may predispose to nonunion. Our patients could not be compared with a control group whose original fractures united after primary fixation, since 75% were referred to our unit from outlying regions. The results suggested that age and gender were not important factors in the development of this complication. The mechanism of injury did not appear to be of importance since a similar number of patients developed nonunion after simple falls compared with high-energy trauma.
The largest reported series of nonunions is that of Helfet et al. 9 They described the management of 52 patients and although they were able to classify the configuration of the nonunion, they did not record the original pattern of the fracture.
Only two published reports have included a description of the original fracture.
7,10 Ackerman and Jupiter 8 reported 20 cases of nonunion of fractures of the distal humerus and classified the original fracture using the AO method. Nine were A2, four were A3, one was C1, three were C2 and three were described as C3. A further five cases were reported by Sanders and Sackett. 10 Of these two were C1, one was C2, one was C3 and one was D1. The last was described as an intra-articular fracture of the trochlea and capitellum in the transverse plane. By combining the patterns of fracture in our patients with those of other publications 7, 10 (Table II) , a total of 41 cases of nonunion was available for analysis, 16 (39%) of type A, five (12%) of type B, 19 (46%) of type C and one (2%) of type D. No consistent association was found between the type of fracture and the development of nonunion, although there is an association in fractures with a supracondylar component.
Another factor which we considered might be of importance in the development of nonunion was the initial method of treatment after injury. We reviewed the radiographs of all the patients after their primary treatment. Twelve (75%) were considered to have undergone inadequate management. In three the only treatment was by Kwires ( Fig. 1) while in four the fractures were fixed by screws alone (Fig. 2) . In four patients the fracture was fixed by plates and screws, although it was our opinion that the plating had been performed inadequately with insufficient Radiographs of a 50-year-old man who had been treated initially by three AO screws (a), the screws became loose and two were removed resulting in displacement of the fracture (b), revision surgery was performed by bone grafting and plating (c).
Fig 2b
Fig 2c fixation proximal and distal to the fracture site (Fig. 3) . In one patient surgery was performed after failure of conservative treatment while in another the nonunion developed after the primary fixation had become infected. In only three patients (19%) did the primary operation appear to have been adequate. In this group we could not identify a technical problem as the cause for the nonunion and suggest that it relates to constitutional factors such as the biological healing potential of the bone.
The quality of the primary management is of concern since the optimal treatment of fractures of the distal humerus has been well described in the literature. Published studies have emphasised the importance of rigid internal fixation and early mobilisation. [11] [12] [13] [14] Fixation by two plates placed at 90˚ to each other is regarded as the standard treatment to which other methods must be compared. 13, 15, 16 Saunders and Sackett 10 have stressed the importance of selecting the correct implant, appropriate placement of the implant and the biological healing potential of the bone in order to encourage union.
Our experience suggests that to reduce the risk of nonunion after fractures of the distal humerus consideration must be given to the established and well-proven surgical techniques for the management of this difficult injury. If, however, this is considered to be beyond the experience of the treating surgeon, we strongly advise referral to a specialist unit.
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